Data for the viscosity and thermal conductivity coefficients of ethane have been evaluated and represented by an empirical function. Tables of values ha~e been prepared for the range 200-500 K, for pressure to 75 MPa (= 750 atm). The tables include an estimate of the anomalous contribution to the thermal conductivity in the neighborhood of the critical point. The estimated uncertainties of the tabular values are ± 5% and ±J~% for the viscosity and thermal conductivity coefficient, respectively.
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Introduction
In reference [1]1 we set up a procedure to evaluate and represent the viscosity coefficient ( TJ ) .and the thermal conductivity coefficient (A) of simple fluids which has been applied to argon' (with krypton ano xenon), oxygen and nitrogen [1], and to methane [2, 3] . The object of this work is to include ethane; specifically to present tables of values of the transport coefficients covering a broad range of experimental conditions. Several correlations of the ethane transport coefficients have been published [4] . Most, however, are restricted to one coefficient and most cover a limited experimental· range. One of the difficulties is that the data base cannot be considered satisfactory by comparison with those of other simple fluids, such as the fluids siudied in references [1-3]. For example, there are some gaps in the data coverage and the majority of the data available was published more than ten years ago. Data cannot, of course, be judged solely by their publication date, but it is generally accepted that much of the older data for many simple fluids are suspect.
(In the last ten years or so, the conventional experimental procedures (e.g., the capillary flow and oscillating disc methods for the viscosity, and the hot wire and parallel plate methods for the thermal conductivity) have been re-examined and new techniques and modifications have been proposed [5].)
In summary, we do not think it .possible to present authoritative tables, with a significant assessment of accuracy, until more, and more accurate, data are . available. However there is considerable technical . interest in ethane at this time and it was felt worthwhile to present tables of both the viscosity and t~e thermal conductivity coefficients over a wide experimental range. Guidelines for work which would lead to improved tables are suggested.
In reference [1], criteria for evaluating data in the literature were discussed, and an equation for the viscosity and thermal conductivity coefficient was proposed. This paper will follow closely the format of reference [1], so the criteria and the correlating equations will be us.ed here with only minimal comments.
Correlating Equations
The correlation for ethane is based on the behavior of the transport coefficients with respect to temperature (T) and density (p) according to the equations
A(p, T) = Ao(T) + A1 (T)p + AA' (p, T) + AAc(p, T), (2) for the viscosity and thermal conductivity, respectively. In these equations, TJo(T) and Ao(T) are the dilute gas values; 7/1(T) and A1 (T) repI'esent first density cor· rections for the moderately dense gas; while AT/, (p, T) and flA' (p, T) are remainders. The term TJ1 (T) is given by the empirical expression
and similarly for AdT). The coefficients A, B, C and F can be found Jro'm a fit.of data, but we set F = Elk where E is the energy parameter of the methane pair potential function and k is Boltzmann's constant. See section 3.
The terms A.TJ'(p, T) and A.A' (p, 'T) are expressed empirically by the relations'
and
The parameter 0 is included to account specIfically for the high density behavior of the transport coefficients and is a function of the density with respect to the critical density, Pc: . (6) The coefficients, E, D, h ... h, kl k7, are to be obt;Uned from experimental data.
Finally, equations (1) and (2) include the terms LlYJc(p, T) and LlA.c(p, T)" respectively, to account for the known enhancement of the coefficients in the vicinity of the critical point, see section 3.3.
As the form of the equations suggest, the transport coefficients are correlated and evaluated by examining their behavior with respect to density: thus for the viscosity, (a) we first evaluate the dilute gas and (b), with the critical region excluded, the experimental quantity (YJexp(P, T) TJo(T» is identified with the terms YJI (T)p + Ll'Y}' (p, T) . Similarly for the thermal conductivity. The critical point behavior is treated separately.
The Equation of State.
Since the correlation of the transport coefficients requires temperature-density coordinates, but the majority of data are reported in temperature-pressure coordinates, an accurate equation of state is essentiaL The equation of state for ethane used here was derived by Goodwin and discussed in reference [6] .
Data
Our search of the literature produced the following papers reporting experimental measurements for the transport coefficients of ethane: viscosity, references [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] , thermal conductivity, references [10] , [13J, [22] [23] [24] [25] [26] [27] [28] [29] [30] .
Criteria for selecting data for correlation are discussed in section 2 of reference [1] and the ethane measurements were evaluated according to these criteria as . far as possible. For example, it was pointeil ont that a plot of the excess function dYJ or LlA (defined as Y]exp (p, T) -'Y}o(T) and A. exp (p, T) -Ao(T), respectively) versus density leads to a good first guess as to the precision and internal consistency of a given data set; it is a convenient format to compare different data sets; the plot also allows one to judge if the qualitative behavior of the coefficients for ethane is consistent with that of other simple fluids.
We o [7] ,0 [19] , ~ [8] , 0 [20] .' ethane (Ar, N2 , O2 , CO2 , F 2 , H 2 , CH 4 , etc.) one would expect that both dY] and LlA for ethane would be essentially temperature independent at a given density.
(See figure 1 of reference [1], however.) The plot for the excess viscosity coefficient for several temperatures, figure 1, is in fact· a reasonably smooth curve, but the plot for the excess thermal conductivity coefficient shows considerable scatter.
The behavior of the excess thermal conductivity coefficient suggests that much of this data is of questionable quality.
In su~mary, the data base for this correlation is references [7] [8] [9] [10] [11] [12] [13] , [15J, [19J and [20J for the viscosity, and references [13] , [22] [23] [24] [25] [26] [27] , and [30] for the' thermal conductivity. Equal weight was given to the measurements reported in these sources.
The Dilute Gas
It is convenient to consider the dilute gas, the dense gas and liquid, and the critical region separately, as suggested by equations (1) and (2) .
Viscosity Coefficient
Data from references [7] [8] [9] [10] [11] [12] [13] [14] [15] were fitted to the empirical function found suitable in our previous work 
T}c= GV(l)T-l + GV(2)T-2/3+ GV(3)T-l/3+ GV(4)
+ GV(S)Tl/3 + GV(6)T2/3+ GV (7) T + GV(8)T4/3 + GV(9)T5/3.
(7)
Values of the coefficients, GV(l) ... GV (9) , are listed in table 1 and a percent deviation plot is shown in figure  3 . In Lhi!S fig,un~, anu in· lSublSequent figures, percent deviation is defined as
Of the data fitted, those from reference [IS] are judged to be the most accurate with an estimate of inaccuracy (uncertainty) of ± O.S% (see the discussion in reference [1] ). However, only two values at room temperature are
reported. An objective assessment of the uncertainty in the data from the other authors is difficult since details of the experiments are often not available; some of the data have been extrapolated to lower pressures; the data of reference [11] can be expected to be slightly in error based ,on our analysis of the apparatus used [31]. It turns out, howeve~, as can be seen in figure 3, that the data of all authors are within ±2%. Overall, we estimate that values of the viscosity coefficient generated from equation (3) 
. Deviation plot between dilute gas viscosity data and values calCulated from equation (7): 0[7], • [8] . V [10] , 0 [9] , (> [15] , .., (13] 
Thermal Conductivity Coefficient
Dilute .gas thermal conductivity data from references [13] , [22] [23] [24] [25] [26] [27] , [30] were fitted to equation (9):
which is of the same form as the dilute gas viscosity equation (7) . Values of the coefficients, GT(l) .. . GT (9) are listed in table 1. A deviation curve is shown as figure  4 . The thermal conductivity data cannot be considered to be very accurate (cf., figure 2); there is scatter between data sets and the internal consistency is often poor for a given data set. An estimate of inaccuracy of the values obtained from equation (9) is ± 6%.
Theoreticql Calculation of the Dilute Gas Transport Coefficients
In our previou~ work [32] , it has been shown that kinetic theory and statistical mechanics· can be useful aids to assess the consistency and accuracy of data. For several gases, carbon dioxide for example [32] , it was possible to show that the independently measured properties, the viscosity and thermal conductivity coefficients, the thermal diffusion factor, and the equilibrium pressure and dielectric virial coefficients, were mutually consistent. The potential function required. to carry out the calculations was the m-6-8 discussed extensively GV(61= .58~7272S16E+O~ 
The Dense Gas and Liquid
Having values for 1)0(1), and with 6:rt(P, 1) set equal to zero, dense gas and liquid data were fitted by the method of least squares [1] to the terms 7]1 (T)p + 6:YJ'
The data selected were those of references [7] , [8] , [19] and [20] . Equal weight was given to the data points. The accuracy of the data was judged to be ±5%. Similarly for the thermal conductivity coefficient: the data selected was extracted from referenc~s [22] , [23] , [25] [26] [27] and [30l. As noted for figure 2, much of the data must be regarded as suspect. It is difficult to justify anything but to give equal weight to all data points. One of the drawbacks of the thermal conductivity data base is that no values for the saturated liquid are available, but we have found by experience that equation (5) for 11 'A' requires data at, or close to, saturation if LIm ~lJ uaLiuIl is to represent properly the dense liquid. To ensure, therefore, that equation (5) is well-behaved at low temperatures and high densities, we considered dummy saturated liquid points obtained from the excess function graph, figure 2.
Values of the coefficients
Sample deviation curves are given in figures 5-8 which indicate that the data have been fitted to within their estimated accuracy.
The Critical Region

Thermal Conductivity
As remarked, the quantity AAc(p, T) of equation (2) represents the anomalous behavior of the thermal where with Tc and pc the critical temperature and density, respectively. In equation (10) , k is Boltzmann's constant, N is Avogadro's constant, KT = P 1 (ap/ ap)T (the compressibility), R is a length parameter and M is the molecular weight. R is given by:
where T* = T/(€/k), m, y', rm and dk are the m-6-8
parameters of table 2.
One can see that the calculation of !:lAc at a given density and temperature requires the viscosity, the derivative (aP/aT) p, and K r . The viscosity is obtained from our correlation, and (aP/aT)p and Kr can be obtained from the equation of state [6] . However, it turns out that while the determination of (aP/aT) p presents no real difficulty, the determination of K r does: it is now well-known that the classical, analytical, equations of state cannot describe the large compressibilities in the critical region. The equation of Goodwin used here, however, is nonanalytic and could, in principle, be used for K r . Nevertheless, we prefer to be consistent with our previous work and introduce the scaled equation of state:
dh(x)/dx. The derivation of equation (13) ·IS based on the observation that the asymptotic behavior of various thermodynamic properties can be described in terms of power laws when the critical point is approached along specific paths in the 3.r -3.p plane.
For example, the density along the gas and liquid branch of the coexistence curve varies asymptotically as l3.p I ex: IXT) f3; the chemical potential fL(P, T) along the critical isotherm varies as /1-(p, Tc) -fL(Pc, Tc) ex:
[3. p 1 5 ; the compressibility Kr and specific heat C p at constant pressure vary along the critical isochore as
IXT I-y·
The quantity x is given by the ratio:
.
and h (x) is a function: As an example, the total thermal conductivity coeffi· cient A (p, T) has been calc\.llated at three temperatures: 400 K, 3lO K and 305.7 K. The appropriate excess function dA[=A(p, T)-A()(T)] has been plotted versus density in figure 9 . It is .seen that the influence of the critical point increases significantly the value of dA. 
Viscosity Coefficient
Although it has been suspected for a long time that the viscosity coefficient of a pure fluid displays anomalous behavior in the critical region, the magnitude and quantitative features of the anomaly are still under il1vcbLi~ati~u Lut it ib ~cIlcrally cuu\,;cucu that any anomalous behavior of the viscosity is much weaker than the corresponding behavior of the thermal con- 
Uncertainty of the Tables
We have been able to fit the data to within their estimated accuracy. The tabular values are judged to have an uncertainty of ±5% for the viscosity coefficient and ±8% for the thermal conductivity coefficient.
These estimates of uncertainty refer to an estimate of accuracy on a 20" basis. Here 0" is based on the following: the scatter of the experimental data, deviations between the data and our correlation, an assessment of the data according to th~,,=criteria of reference [l] and, finally, our experience of evaluating similar data for other simple fluids. Close to the critical point, the estimated uncertainties an~ in~Tf~asp.d to + 10% for the vi.,;;cosity coefficient, and ±20% for the thermal conductivity coefficient.
Conclusion
The viscosity and thermal conductivity coefficient data for ethane over a wide temperature and pressure range have been represented by an empirical function. Tables of values have been prepared. Our assessment and evaluation of the results has been handicapped by lack of reliable data. A significant improvement requires (a) data for the dilute gas over a wide temperature range, e.g., about 200-1500 K, particularly for the viscosity coefficient, (b) viscosity data for the saturated liquid from the triple point· (90.35 K) to 200 K, and (c) thermal conductivity data for the saturated liquid over the whole temperature range. It would also be helpful if the more recent techniques, e.g., those using the torsional oscillating crystal for the viscosity [1], and the transient hot wire method [2] , could be applied to ethane. 
